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(54) AC THIN FILM ELECTROLUMINESCENCE DEVICE HAVING BLUE LIGHT 
PHOSPHOR 

(57)Abstract: 

PURPOSE: To provide the title apparatus useful for a 
full color thin film electroluminescence panel composed 
of a special structure using a stable and effective 
specific blue light emitting phosphor and capable of 
emitting a sufficient quantity of blue light. 
CONSTITUTION: Front and rear electrode sets are 
laminated on a transparent substrate and a thin film 
laminate having a thiogallate phosphor layer represented 
by formula Ga2S4: RE (wherein M is Ca or Sr and RE is 
a rare earth activator dopane, pref. Cs) incorporated 
therein is interposed between those electrode sets to 
constitute the objective device. After an indium tin oxide 
(ITO) electrode layer, a barium tantalate(BTO) insulating 
layer and a ZnS buffer layer are successively laminated 
on a glass substrate, a thiogallate phosphor layer of 
SrGa2S4; Cs or CaGa2S4; Cs is laminated on a ZnS 
layer and, further, the ZnS layer and the BTO layer are 
successively laminated on the ZnS layer and a rear 
electrode layer made of aluminum is provided as the 
uppermost layer to provide a pref. device. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the front electrode group and back electrode group which carried out the laminating on a transparence 
substrate, a thin film layered product is put between the above-mentioned front electrode group and a back electrode 
group, and the above-mentioned thin film layered product is a degree type [several 1]. MGa2 S4 : RE (as for the inside 
M of a formula, it is chosen from the group which consists of magnesium, calcium, strontium, zinc, or barium, and RE 
shows a rare earth ****** dopant) Alternating current thin film electroluminescence characterized by having at least 
one pair of insulating layers which insert the thio gallate phosphorescent substance layer with which it is expressed (AC 
TFEL) Equipment. 

[Claim 2] AC TFEL according to claim 1 characterized by M being strontium Equipment. 
[Claim 3] AC TFEL according to claim 1 characterized by M being calcium Equipment. 
[Claim 4] AC TFEL according to claim 1 characterized by M being barium Equipment. 
[Claim 5] AC TFEL according to claim 1 characterized by M being zinc Equipment. 

[Claim 6] AC TFEL of claim 1-5 characterized by RE being a cerium given [ any / one ] in a term Equipment. 
[Claim 7] AC TFEL of claim 1-5 characterized by RE being europium given [ any / one ] in a term Equipment. 
[Claim 8] AC TFEL according to claim 1 characterized by a thio gallate phosphorescent substance layer forming by 
sputtering from the target ingredient manufactured using the sulfuration gallium of an excessive amount Equipment. 
[Claim 9] AC TFEL according to claim 8 characterized by being within the limits whose excessive amount of a 
sulfuration gallium is 2 - 5 % of the weight Equipment. 

[Claim 10] Furthermore, AC TFEL according to claim 1 characterized by having one pair of protective coating layers 
which inserted the thio gallate phosphorescent substance layer and were inserted between one pair of insulating layers 
Equipment. 

[Claim 1 1] AC TFEL according to claim 10 characterized by offering bigger brightness, without an insulating layer's 
having a high dielectric constant, and a thio gallate phosphorescent substance layer's being relatively thick, and 
completely raising the threshold electrical potential difference of equipment by this Equipment. 

[Claim 12] AC TFEL according to claim 1 1 characterized by manufacturing the above-mentioned protective layer using 
the matter which offers bigger charge carrier impregnation than the inside of a thio gallate phosphorescent substance 
layer Equipment. 

[Claim 13] Furthermore, AC TFEL equipment according to claim 1 characterized by having the optical output binder 
course which carried out the laminating on the transparent electrode layer which has a split face, and decreasing internal 
reflection. 

[Claim 14] AC TFEL according to claim 6 characterized by being within the limits whose concentration of a cerium 
dopant is 2 - 6% Equipment. 



[Translation done.] 



http://ww4.ipdl.jpo.go.jp/cgi^ 6/22/2004 



Page 1 of 3 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Description of the Prior Art] In the design of a thin film electroluminescence (TFEL) panel by which the matrix address 
was carried out, it was the desired purpose to manufacture a full color panel The remarkable advance was made in 
development of the red and the green TFEL phosphorescent substance which are used for this multicolor 
electroluminescence display. However, it is difficult to manufacture the phosphorescent substance which can emit light 
in the blue glow which has a desired chromaticity and reinforcement, and it much more difficult to hold a 
phosphorescent substance to stability chemically within the condition of TFEL. Without an effective blue 
phosphorescent substance, it is impossible to attain suitable color balance and to make pure white emit light with the 
colored whole display. 

[0002] Once, the alkaline earth sulfide was proposed as a blue emitter in the TFEL panel so that Barrault's and others 
(Barrow) U.S. Pat. No. 4,751,427 specification might see. A patent of Barrault and others is a strontium sulfide (SrS). It 
is indicating using as a host substance, making the cerous fluoride (CeF3) which acts on this as an emitter dope, and 
offering the source of supply of a photon. However, SrS : For the problem about Ce, this is the chromaticity (x= 0.20, 
y= 0.36) of a bluish green color. It is having, a blue filter is used for this with this matter, and it is a moderate 
chromaticity (both x and y are smallness from 0.2). It means that to attain is required. When a filter is used, the level of 
brightness falls to less than 15% of original brightness. Furthermore, this brightness is in the inclination which decreases 
very remarkably as a function of time amount. SrS The matter is hygroscopicity, and is chemically unstable, for this 
reason manufacture of a panel becomes complicated. Although other blue luminescence phosphorescent substances 
were examined, this example is zinc sulfide / thulium fluoride, although this matter has a very good blue chromaticity — 
: with this a little low brightness — it is lfL when excited in per second 1000 cycle. It cannot be counted upon an 
improvement being further made in this phosphorescent substance. Because, ZnS The thulium electroluminescence 
excitation which can be set is not based on energy transport from a host substance, and it is because it was found out 
that it is not direct shock excitation. The excitation by the energy transport from a host substance is an inefficient 
approach, and this explains that luminescence reinforcement is scarce as observed with the ZnS:Tm phosphorescent 
substance. 

[0003] To the past, it is BEHITO (Vecht). As reported to "DEBEROPPUMENTO Inn electroluminescence 
PANERUZU (Development in Electroluminescent Panels)" (journal OBU Crystal Glaus (Journal of Crystal Growth) 59 
(1982) and P81 -97), thio gallate was used with DCEL powder equipment. However, since it is difficult to be 3 element 
component compounds and to hold a suitable stoichiometry in manufacture of a phosphorescent substance thin film, thio 
gallate is AC TFEL before. Although used, it was not thought that it was practical. 
[0004] 

[Problem(s) to be Solved by the Invention] The fundamental purpose of this invention is to offer the stable and effective 
blue glow luminescence phosphorescent substance used for TFEL equipment. Other purposes of this invention are to 
offer the blue luminescence thin film phosphorescent substance which can be used for manufacture of a full color TFEL 
panel. The purpose of still others of this invention is to offer the thin film laminating structure which can emit light in 
the blue glow of a complement, in order to manufacture full color thin film EL equipment. These and other purposes of 
this invention will become clear from the following publications. 
[0005] 

[Means for Solving the Problem] It sets to this invention and is AC TFEL. A panel is equipped with the group of the 
upper part which sandwiches the electroluminescence layered product which has the electroluminescence 
phosphorescent substance layer pinched between at least one pair of insulating layers and which has been arranged at 
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the right angle, and a lower part electrode layer. An electroluminescence ingredient consists of II group metal thio 
gallate and a rare earth dopant. The general chemistry type to propose is MGa2 S4:RE, as for the inside M of a formula, 
it is chosen from the group which consists of magnesium, calcium, strontium, barium, or zinc, and RE expresses a rare 
earth ****** dopant. Because of blue luminescence in TFEL equipment, a cerium is a desirable ****** dopant. 
[0006] The desirable structure used for TFEL blue luminescence equipment is indium tin oxide (ITO). It has the glass 
substrate which supports the transparent electrode layer of make. Next, tantalic acid barium which is an insulating layer 
about this substrate (BTO) It covers. Zinc sulfide (ZnS) The electroluminescence layered product which has the layer of 
the calcium which made the cerium dope, strontium, or barium thio gallate inserted between two-layer is arranged on a 
tantalic acid barium layer. 

[0007] A sputtering technique is used, a thio gallate phosphorescent substance layer is deposited and the suitable 
amount of stoichiometrics in a thin film is maintained. Since it is known that deviation from the suitable amount of 
stoichiometrics will generate decline in the effectiveness of a phosphorescent substance, this approach is desirable. 
Moreover, Ga2S3 of an excessive amount (3 - 5%) used for manufacturing a sputtering target for the same reason The 
spatter of the thio gallate is carried out from the target to contain. ZnS An operation of a layer is acting as offering the 
protective action between heat annealing, and a charge carrier impregnation layer. The 2nd BTO It is upper ZnS about a 
layer. It is made to deposit after annealing processing on a layer, and manufacture of equipment is completed by the 
aluminum upper part (back) electrode group. 

[0008] Hereafter, this invention is explained to a detail with reference to a drawing. The TFEL panel is transparent 
indium tin oxide (ITO). It has a glass substrate supporting an electrode layer. ITO The layer made to deposit on an 
electrode layer is tantalic acid barium (BTO) which has the thickness of about 3000A. It is a layer. ZnS whose thickness 
is 600-1200A About a layer, it is BTO. It is made to deposit on a layer. Next, it is the 1st ZnS about the layer of the 
strontium which made the cerium dope, or calcium thio gallate. It is made to deposit on a layer. A thio gallate 
phosphorescent substance layer is made to form by sputtering from the target manufactured from the compound which 
has the sulfuration gallium matter of an excessive amount. The purpose which manufactures a target using the matter 
which an excessive amount requires is for improving crystal growth in order to ensure the suitable stoichiometry in a 
thin layer by taking into consideration the loss generated between the annealing processings to a degree between 
deposition in the 1st. A thio gallate layer is thick ZnS rather than thickness is 1000-2000A. It is covered with a layer. It 
is the 2nd ZnS about the 2nd BTO insulating layer whose thickness is 3 000 A. It is made to deposit on a layer. The back 
electrode layer of the maximum upper part is formed from the electrode made from aluminum. 

[0009] II group metal thio gallate is the phosphorescent substance of low EL effectiveness. (Therefore, a dielectric high 
insulator, for example, 3000A BTO, Charge carrier impregnation (charge injection) is made to increase, and it enables it 
to use, and to use a thicker phosphorescent substance layer, without raising an actuation electrical potential difference 
too much.) Furthermore, an insulating material must be able to be equal to hot annealing between manufactures of 
equipment. A thio gallate phosphorescent substance layer tends to become coarse because of crystal growth during 
annealing processing. It is BTO in order to fully cover a phosphorescent substance layer. A layer is made thicker than 
2500A, blooms cloudy, and must avoid the breakage in a flaw. BTO In addition, the same result can also be attained 
using other high dielectric matter, for example, a titanic acid / zirconic acid strontium mixture, and an ulmin acid / 
titanic-acid mixture. 

[0010] ZnS A buffer coat is especially important. The 2nd ZnS (upper part) A layer protects a thio gallate 
phosphorescent substance from oxidation between annealing. The ideal thickness of this layer is within the limits of 
about 1000-2000A. When this layer is too thick, threshold voltage goes up too much, but when this layer is too thin, 
protection of a thio gallate phosphorescent substance layer is inadequate. Downward ZnS The ideal thickness of a layer 
is 600-1200A. ; to which threshold voltage goes up when this layer is too thick - when this layer is too thin, delaminate 
of a thin film may occur after annealing. ZnS In addition to protection of a thio gallate thin film, a layer acts as a charge 
carrier impregnation layer. In addition to the source of supply of existing in ZnS / thio gallate interface, the conduction 
charge generated by dielectric breakdown serves as a new source of supply of the electron for Ce ion excitation during 
actuation of equipment. This contributes to the increment in the luminescence effectiveness of equipment. 
[001 1] The electroluminescence spectrum of the TFEL equipment of strontium thio gallate and calcium thio gallate is 
shown in drawing 2 . Two peaks observed by the thio gallate which carried out the cerium dope are based on the fact 
that 4f ground state is a doublet (being 2fj j= 5/2 and j= 7/2). the luminescence wavelength of the peak of the cerium in 
strontium thio gallate — 440nm And 480nm it is — these are all blue. For this reason, the chromaticity of the strontium 
thio gallate which doped the cerium is saturated extremely (CIE a chromaticity coordinate, x= 0.15, y= 0.10). On the 
other hand, since the crystal fields in a calcium thio gallate host differ, the luminescence wavelength of the peak in 
calcium and thio gallate moves to about 20nm long wavelength side, the luminescent color of the calcium thio gallate 
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which doped the cerium is as deep as strontium thio gallate although it is not blue this CIE In addition, a 
chromaticity coordinate x= 0.15 and y= 0.19 are within the limits of the pure blue of a chromaticity diagram shown in 
drawingj . In order that people's eyes may respond greatly to the longer luminescence wavelength of calcium thio 
gallate, in this range, higher luminescence arises with the number of the same photons. Therefore, the luminous 
efficiency of calcium thio gallate is twice the luminous efficiency of strontium thio gallate. 

[0012] Generally, the luminescence wavelength of the peak of the cerium in strontium thio gallate and calcium thio 
gallate is stable a little. These do not change with dopant concentration or processing conditions. This should compare 
with the strontium sulfide which doped the cerium, and the wavelength of the peak of a cerium changes with doping 
concentration and processing conditions a lot in the strontium sulfide which doped the cerium. The effect to the 
brightness of Ce concentration is shown in drawing 4 . It depends for the brightness of strontium thio gallate on cerium 
concentration heavily. Although the result in which **** is possible is obtained in the cerium concentration of 2 - 6% of 
within the limits, a remarkable peak occurs in 4%. 

[0013] The improved structure is shown in drawing 5 . It is known that there is an inclination for the deposited thin film 
to have a detailed particulate structure, therefore to have a smooth front face with a sputtering technique. A lot of light 
which was generated inside the thio gallate thin film in this case is lost for internal reflection. In order to improve this 
effect, an optical output binder course can be used and luminescence from a front face can be reinforced. The optical 
output binder course indicated by the United States patent application serial number 07th under connection / No. 
474,949 at the detail is ZnS deposited on the glass substrate. Thick layer (about 7500A) It has. It sets in this thickness 
and is ZnS. Generally a layer has a split face and all the deposits of the remaining thin films are thick ZnS. Since it 
deposits on a layer, it is in agreement with a split face. This structure offers an improvement of 50% of extent of the 
brightness of the blue TFEL equipment of thio gallate. For example, when this structure uses calcium thio gallate 
equipment, it carries out 25fL generating in 1000Hz. 

[0014] A factor important for the stoichiometry of a thio gallate thin film is shown in drawing 6 . When a sputtering 
target is manufactured using the sulfuration gallium of 5% of excessive amount, brightness exceeds 8fL(s) and, on the 
other hand, in the case of only 2% of excessive amount, is dark about 20%. A sputtering target is manufactured with the 
conventional method known by this contractor. The powder pressurized and sintered is manufactured and the spatter of 
the thin film is carried out on a substrate using the target which carried out in this way and was generated. The clear 
reason about the engine performance improved using the sulfuration gallium of an excessive amount is not known. 
However, it is able for a certain type of charge compensation existing or the sulfuration gallium of an excessive amount 
to offer the safe factor with which loss of the matter considered between target production processes is compensated, 
and to make the rate of a thio gallate compound proper. In strontium thio gallate, while the best approach is attained by 
the target of 5% of the weight of an excessive amount, in calcium thio gallate, the excessive amount of the optimal 
sulfuration gallium is about 3 % of the weight. However, also in any, with a superfluous higher sulfuration gallium 
content, generally phase segregation occurs after annealing and the engine performance of a panel becomes inadequate. 
[0015] With reference to drawing 4 , drawin g 4 shows the effect by un-existing [ of the coincidence **** dopant in the 
engine performance of a strontium thio gallate panel ] again. Before, a coincidence **** dopant, for example, sodium, is 
DC EL. It was believed that it was required for the phosphorescent substance, which doped the cerium used for a power 
unit. However, as a graph shows, as a result of sodium's not existing, the brightness in the concentration of 4% of 
cerium dopant increased 20%. Blue luminescence AC TFEL In addition to equipment, green luminescence can be 
offered by using Eu dopant instead of Ce dopant. SrGa2 S4: The equipment manufactured using Eu offered the 
brightness of 8fL(s) in 60Hz, chromaticities were x= 0.25 and y= 0.67, and this was better than the thing of existing 
ZnS:Tb green TFEL equipment. The vocabulary and expression which were used during the aforementioned publication 
are used as vocabulary of a publication, and it is not restricted. 
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[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 001 1 

[Method of Amendment] Modification 

[Proposed Amendment] 

[001 1] The electroluminescence spectrum of the TFEL equipment of strontium thio gallate and calcium thio gallate is 
shown in drawing 2. Two peaks observed by the thio gallate which carried out the cerium dope are based on the fact that 
4f ground state is a doublet (being 2fj j= 5/2 and j= 7/2). the luminescence wavelength of the peak of the cerium in 
strontium thio gallate — 440nm And 480nm it is — these are all blue. For this reason, the chromaticity of the strontium 
thio gallate which doped the cerium is saturated extremely (CIE a chromaticity coordinate, x= 0.15, y= 0.10). On the 
other hand, since the crystal fields in a calcium thio gallate host differ, the luminescence wavelength of the peak in 
calcium thio gallate moves to about 20nm long wavelength side, the luminescent color of the calcium thio gallate which 
doped the cerium is as deep as strontium thio gallate - although it is not blue - this CIE In addition, a chromaticity 
coordinate x= 0.15 and y= 0.19 are within the limits of the pure blue of a chromaticity diagram shown in drawing 3. In 
order that people's eyes may respond greatly to the longer luminescence wavelength of calcium thio gallate, in this 
range, higher luminescence arises with the number of the same photons. Therefore, the luminous efficiency of calcium 
thio gallate is twice the luminous efficiency of strontium thio gallate. 
[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 001 3 
[Method of Amendment] Modification 
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[Proposed Amendment] 

[0013] The improved structure is shown in drawing 5. It is known that the thin film deposited with the sputtering 
technique has the inclination to have a detailed particulate structure, therefore to have a smooth front face. A lot of light 
which was generated inside the thio gallate thin film in this case is lost for internal reflection. In order to improve this 
effect, an optical output binder course can be used and luminescence from a front face can be reinforced. The optical 
output binder course indicated by the United States patent application serial number 07th under connection / No. 
474,949 at the detail is ZnS deposited on the glass substrate. Thick layer (about 7500A) It has. It sets in this thickness 
and is ZnS. Generally a layer has a split face and all the deposits of the remaining thin films are thick ZnS. Since it 
deposits on a layer, it is in agreement with a split face. This structure offers an improvement of 50% of extent of the 
brightness of the blue TFEL equipment of thio gallate. For example, when this structure uses calcium thio gallate 
equipment, it carries out 25fL generating in 1000Hz. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0014 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0014] A factor important for the stoichiometry of a thio gallate thin film is shown in drawing 6. When a sputtering 
target is manufactured using the sulfuration gallium of 5% of excessive amount, brightness exceeds 8fL(s) and, on the 
other hand, in the case of only 2% of excessive amount, is dark about 20%. A sputtering target is manufactured with the 
conventional method known by this contractor. The powder pressurized and sintered is manufactured and the spatter of 
the thin film is carried out on a substrate using the target which carried out in this way and was generated. The clear 
reason about the engine performance improved using the sulfuration gallium of an excessive amount is not known. 
However, it is able for a certain type of charge compensation existing or the sulfiiration gallium of an excessive amount 
to offer the safe factor with which loss of the matter considered between target production processes is compensated, 
and to make the rate of a thio gallate compound proper. In strontium thio gallate, while the best approach is attained by 
the target which has the sulfuration gallium of 5% of the weight of an excessive amount, in calcium thio gallate, the 
excessive amount of the optimal sulfuration gallium is about 3 % of the weight. However, also in any, with a 
superfluous higher sulfuration gallium content, generally phase segregation occurs after annealing and the engine 
performance of a panel becomes inadequate. 
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